In order to relate the physical and chemical properties of carbon to the microphonic properties of this material, it has been found necessary to make measurements on physical quantities which are influenced by primary causes beyond the control of the observer. In many problems of the physical and engineering sciences it is possible for the observer to control within narrow limits, the causes of variation of a quantity while it is being subjected to measurement. Certain problems arise, however, in these sciences as in the field of economics and biology wherein it is impossible to do this. In In order to study the nature of the complex of causes controlling a single quantity such as X1, one of the first problems is to determine whether or not the causes represented by the U's, and V's satisfy the following conditions: (1) That all of the causes, n in number, are effective at the time of each observation, (2) that the probability, p, that a cause will produce a positive effect is the same for all of the causes. (3) That the probability, p, remains the same for all of the observations, (4) that the effect, Ax, of a single cause is the same for all of the causes.
If these conditions are fulfilled, the distribution in Xi can be represented by the successive terms of the expansion (p + q)n where the ordinates are separated at intervals of 2 Ax. For most of the problems it has been found convenient to compare the observed distribution with the theoretical distribution consistent with the above random conditions. In general, the following procedure has been followed: For each observed distribution two factors k = -3--and 12 -2 have been calculated and compared -23 /2 22 with similar factors consistent with the above mentioned binomial expansion, where the first four corrected moments of the observed distribution about the mean are represented by the symbols jul, jf, p3, and &4.
It will be noticed that k and 32 are independent of the units used in making the measurements.
For a symmetrical distribution k is always 0 and 12 may vary between 1 corresponding to n = 1 and 3 corresponding to n = oo. Irrespective of the values of p and q, it should be noted that 12 does.not increase beyond 4 for 10,000 causes and even for 100 causes the value of 4 is not exceeded except for conditions in which the skewness k is very large. In general large values of 12 indicate either high skewness and. few causes or that the complex of causes does not follow the random conditions consistent with the expansion of (p + q)n.
As a result of variations due to sampling the standard deviations, 0k and of2 of k and 2 are given in terms of the number of observations, s, by the following expressions ak = and ap, = 44 it being assumed that the distribution is practically normal. If, in practice, the values of k and 12 are found to differ from 0 and 3. respectively by' more than three times the standard deviations of k and 132, it is practically certain that the distribution is either unsymmetrical or that the causes do not act at random as defined above. The method of application of these criteria depends in general upon whether or not the observed distribution is one involving attributes or variables.
In general for the case of attributes the procedure is as follows: The are independent of the unit in which the measurements are made. Furthermore, we may make use of the criterion, establishing the "goodness of fit" between the observed distribution and a theoretical one corresponding to the various degrees of approximation2 to the normal law.
To return to equations (1) and (2) it is evident that, if none of the causes are common, the correlation between simultaneous measurements of X1 and X2 will be practically zero. Furthermore, as the number of causes that are common increases we should expect an increase in the correlation coefficient under certain limiting conditions. Though it may not be possible to determine the number of causes that influence a variable quantity, such as either X1 or X2, it has been found possible, however, to determine the approximate value for the ratio, of the number of common causes to the total number of causes influencing either variable. To show this for the general case assumed in equations (1) and (2) June 13, 1922 Studies of the secondary (emergent) electrons produced by electronic bombardment of metal surfaces have previously been made by various experimenters.' However, the fact that most of the results were obtained previous to the development of modern high vacuum technique combined with the failure of the small amount of recent work to agree with these older results, leaves the important questions of this problem still un' answered. It is well known that the number of secondary electrons depends upon the velocity of the primary (incident) beam, that more electrons leave the surface than strike it if the primary velocity is great enough, but the following characteristics of the various metals are still not definitely determined: (1) the magnitude of the secondary electron current as a function of the primary velocity; (2) the velocity distribution of the secondary electrons for any given primary velocity.
The present investigation is an attempt to obtain these characteristics for nickel. The type of apparatus employed was such that a primary electron stream, of uniform velocity and cross-section, could be made either to impinge on a nickel target or to pass into an absorbing Faraday cylinder. This was accomplished by moving the target, by means of a magnetic control, over a hole in the Faraday cylinder into the path of the primary stream. The secondary electrons which left the target were received by a conducting cylinder. This arrangement made it possible to move the
